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,QWURGXFWLRQ
$GGLWLYH 0DQXIDFWXULQJ WHFKQRORJLHV OLNH WKH VHOHFWLYH /DVHU %HDP 0HOWLQJ RI SRO\PHUV /%0 DOORZ WKH
JHQHUDWLRQRISRO\PHUSDUWVGLUHFWO\RXWRI&$'GDWDE\DOD\HUZLVHPHOWLQJRISRO\PHUSRZGHUVZLWKRXWDQ\WRROV
7KLV HQDEOHV TXLFN DGDSWLRQV RI UHTXLUHG JHRPHWU\ FKDQJHV RI SDUWV DQG D KLJK IOH[LELOLW\ LQ WKH JHQHUDWLRQ RI
LQGLYLGXDOL]HGSURGXFWV%HVLGHV WKHVHDGYDQWDJHVZKHQFRPSDUHG WRRWKHU WHFKQRORJLHV OLNH LQMHFWLRQPROGLQJRU
PLOOLQJ KRZHYHU VHYHUDO OLPLWDWLRQV H[LVW 7R QDPH D IHZ WKH QHHG IRU DQ LPSURYHG UHSHDWDELOLW\ IRU VHULHV
SURGXFWLRQ DQG WKH SRVVLELOLW\ WR JHQHUDWH PXOWLPDWHULDO FRPSRQHQWV QHHGV WR EH PHQWLRQHG $QRWKHU PDMRU
OLPLWDWLRQ LV WKH UHVWULFWHG DPRXQW RISRZGHUPDWHULDOV DYDLODEOH )RUPRUH WKDQRI WKH SDUWV EXLOW E\/%0
SRO\DPLGHSRZGHUPDWHULDOLVXVHG:RKOHUV$OWKRXJKQHZPDWHULDOVDUHDYDLODEOHWKHVHSRZGHUVRIWHQ
QHHGWREHPRGLILHGUHJDUGLQJWKHLUPDWHULDOSURSHUWLHVWREHXVHGE\/%0PDFKLQHV%HVLGHVWKHPRGLILFDWLRQRIWKH
DEVRUSWDQFH /DXPHU  D YHU\ LPSRUWDQW PDWHULDO FKDUDFWHULVWLF LV WKH IORZDELOLW\ RI WKH SRZGHU 7KH
IORZDELOLW\KDVDQLPSRUWDQWLQIOXHQFHRQWKHGHSRVLWLRQE\UROOHURUUHFRDWHUV\VWHPDQGDOVRRQWKHUHVXOWLQJSDUW
SURSHUWLHV7RGHWHUPLQH WKHIORZDELOLW\RISRZGHUVGLIIHUHQWPHWKRGVH[LVWV7KHPRVW LPSRUWDQWDUH WKH+DXVQHU
UDWLRDFFRUGLQJWRWKH9',1RUPWKHPHDVXUHPHQWRIWKHUHSRVHDQJOH$PDGRRUWKHPHDVXUHPHQWRI
WKHSRZGHUWHQVLOHVWUHVVDFFRUGLQJWRJenike.UDQW](DFKRIWKHVHPHDVXUHPHQWWHFKQLTXHVKDYHDGYDQWDJHV
EXW DOVR OLPLWDWLRQV LI FRPSDUHG WR HDFK RWKHU 2QH FRPPRQ OLPLWDWLRQ LV WKDW WKH OD\HU WKLFNQHVV E\ZKLFK WKH
SRZGHULVGHSRVLWHGLQWKHSURFHVVLVQRWFRQVLGHUHGE\WKHIRUPHUPHQWLRQHGPHDVXUHPHQWWHFKQLTXHV7KXVLQWKLV
ZRUN WKH GHJUHH RI FRYHUDJH LV LQWURGXFHG DV D QHZ FKDUDFWHULVWLF QXPEHU WR TXDQWLI\ WKH SRZGHU IORZDELOLW\ RI




,Q WKH IROORZLQJ VHFWLRQ WKH 6LPXOWDQHRXV /DVHU %HDP 0HOWLQJ 6/%0 SURFHVV LV LQWURGXFHG EHIRUH EDVLF
SURSHUWLHV RI WKH PDWHULDOV XVHG DUH VKRZQ $IWHUZDUGV WKH H[SHULPHQWDO VHWXS DQG SURFHGXUH WR GHWHUPLQH WKH
SRZGHU IORZDELOLW\ RI GLIIHUHQWPL[WXUHV DUH SUHVHQWHG$W ODVW VLQJOHPDWHULDO VSHFLPHQV DUH EXLOW E\ 6/%0 WR
DOORZ DQ DQDO\VLV RI D SRVVLEOH FRUUHODWLRQ EHWZHHQ WKH IORZDELOLW\ DQG WKH SDUW SRURVLW\ DQG PHFKDQLFDO SDUW
SURSHUWLHV





WKLV FDVH SRO\PHU $ $W WKH VDPH WLPH SRO\PHU % DV SRO\PHU ZLWK WKH KLJKHU PHOWLQJ WHPSHUDWXUH LV ORFDOO\
ZDUPHGWRLWVSUHKHDWLQJWHPSHUDWXUHE\&2ODVHUUDGLDWLRQȜ P7RDFKLHYHDKRPRJHQHRXVHQHUJ\DQG
WKXVKRPRJHQHRXVWHPSHUDWXUHGLVWULEXWLRQRQWKHSRZGHUVXUIDFHDGLIIUDFWLYHRSWLFDOHOHPHQW'2(LVXVHGIRU
EHDP VKDSLQJ 7KH '2( IRUPV D UHFWDQJXODU EHDP FURVV VHFWLRQ ZLWK D KRPRJHQHRXV LQWHQVLW\ SURILOH RQ WKH
SRZGHUEHG$IWHUERWKSRO\PHUVDUHZDUPHGWR LWVSUHKHDWLQJ WHPSHUDWXUHV WKHVSHFLILF OD\HUJHRPHWU\QHHGV WR
PROWHQ7RDFKLHYHDVLPXOWDQHRXVPHOWLQJRIFRPSOH[OD\HUJHRPHWULHVDVSHFLDOEHDPVKDSLQJGHYLFHLVQHHGHG
ZKLFKDOORZVDVLPXOWDQHRXVDQGFRPSDUHGWRD'2(DJHRPHWULFDOIOH[LEOHHQHUJ\GHSRVLWLRQDVZHOO7KHUHIRUHD
























EHWZHHQURRPWHPSHUDWXUHDQG WKHUHVSHFWLYHPHOWLQJSRLQWRI WKHPDWHULDOV7KHFDOLEUDWLRQ LVQHFHVVDU\EHFDXVH





















)RU WKH H[SHULPHQWV LQ WKLV SDSHU KLJK GHQVLW\ SRO\HWK\OHQH 3(+' 1% &RDWK\OHQH $[DOWD DQG
SRO\SURS\OHQH333'&RDWK\OHQH$[DOWDSRZGHUVDUHXVHG7DEOHVKRZVWKHSDUWLFOHVL]HGLVWULEXWLRQDQG
WKH WKHUPDOPDWHULDO SURSHUWLHV RI ERWK SRZGHUV 7KH SDUWLFOH VL]H GLVWULEXWLRQZDV GHWHUPLQHG E\ D0DVWHUVL]HU
+\GUR 6 0DOYHUQ DQG WKH WKHUPDO PDWHULDO SURSHUWLHV E\ D 'LIIHUHQWLDO 6FDQQLQJ &DORULPHW\ '6&
PHDVXUHPHQWE\XVLQJD'6&H0HWWOHU7ROHGR$VVKRZQLQIRUPHUZRUNVRIWKHDXWKRUVWKHDEVRUSWDQFHRI
ERWKPDWHULDOVQHHGVWREHLPSURYHGEHFDXVHRIWKHORZHUDEVRUSWDQFHRIWKHWKXOLXPODVHUUDGLDWLRQE\WKHSRO\PHU



























2.3. Determining the Hausner ratio and the degree of coverage as characteristic number for powder flowability  
)RUPHU LQYHVWLJDWLRQV KDYH VKRZQ WKDW WKH IORZDELOLW\ RI 3(+' DQG 33 LV QRW VXIILFLHQW WR DOORZ D
KRPRJHQHRXVSRZGHUGHSRVLWLRQE\UHFRDWHU /DXPHU7KXVDHURVLO $HURVLO5(YRQLNQDQRVFDOHG
VLOLFRQ GLR[LGH SDUWLFOHV KDYH WR EH DGPL[HG WR ERWK SRZGHUV WR LQFUHDVH WKH IORZDELOLW\ ,Q WKLVZRUN WKH SXUH
SRZGHUV DQG WKH SRZGHUV ZLWK DQ DGPL[WXUH RI   DQG  ZW DHURVLO DUH DQDO\]HG )RU WKH PL[LQJ
SURFHVVDWXUEXODPL[HULVXVHGZLWKDPL[LQJWLPHRIPLQXWHV7RVWDUWWKH+DXVQHUUDWLRRIWKHGLIIHUHQWSRZGHU
PL[WXUHVLVGHWHUPLQHGDFFRUGLQJWR9',QRUP$GHILQHGYROXPHRIPORISRZGHULVSRXUHGLQWRDEHDNHU
JODVVZLWKDQ LQQHU UDGLXVRIPPDQGZHLJKHG%\NQRZLQJ WKHYROXPHDQG WKHPDVVRI WKHSRZGHU WKHEXON
GHQVLW\ȡbulkFDQEHFDOFXODWHG6XEVHTXHQWO\E\VKDNLQJWKHEHDNHUJODVVWKHSRZGHULVFRPSDFWHGXQWLOQRIXUWKHU
YROXPH UHGXFWLRQ RFFXUV %\ GLYLGLQJ WKH FRQVWDQW PDVV E\ WKH YROXPH RI WKH FRPSDFWHG SRZGHU WKH WDPSHG
GHQVLW\ȡtampedIROORZV7KH+DXVQHUUDWLRHrLWVHOILVFDOFXODWHGDVWKHTXRWLHQWRIWKHEXONDQGWDPSHGGHQVLW\$
+DXVQHUUDWLRVPDOOHUWKDQUHSUHVHQWVJRRGIORZDELOLW\DYDOXHEHWZHHQDQGUHGXFHGIORZDELOLW\DQGD
YDOXH KLJKHU WKDQ  GHVFULEHV FRKHVLYH SRZGHU 7KH+DXVQHU UDWLR DOORZV WKH FRPSDULQJ RI WKH IORZDELOLW\ RI
GLIIHUHQW SRZGHUV EXW JLYHV QR LQIRUPDWLRQ DERXW WKH GHSHQGHQF\ RI WKH SRZGHU IORZDELOLW\ DQG WKH XVHG OD\HU
WKLFNQHVVRQWKHTXDOLW\RIWKHGHSRVLWHGSRZGHUOD\HU
7KXV LQ DGGLWLRQ WR GHWHUPLQLQJ RI WKH +DXVQHU UDWLR WKH GHJUHH RI FRYHUDJH LV LQWURGXFHG DV D QHZ
FKDUDFWHULVWLFQXPEHUIRUHYDOXDWLQJWKHSRZGHUIORZDELOLW\7RGHWHUPLQHWKHGHJUHHRIFRYHUDJHDGHILQHGDPRXQW
RI SRZGHU LQ WKH UDQJH RI J LV JLYHQ LQWR WKH FKDPEHU RI D ILOP DSSOLFDWRU (ULFKVHQ DQG D SRZGHU OD\HU LV
GHSRVLWHGRQWRDSDSHUDVVXUIDFH7KHGLVWDQFHEHWZHHQ WKHVXUIDFHDQG WKHEODGHRI WKHILOPDSSOLFDWRU LVYDULHG
EHWZHHQXQGP7KHUHIRUHGHSRVLWLQJGLIIHUHQWOD\HUWKLFNQHVVHVLVSRVVLEOH7KHZLGWKRI
WKHSRZGHUOD\HULVPP%HFDXVHRIDSRVVLEOHLQIOXHQFHRIWKHSDSHUDVVXUIDFHPDWHULDOWKHVDPHNLQGRISDSHU




























2.4. Generation of tensile bars and determination of mechanical part properties  












$V VSHFLPHQ JHRPHWU\  VFDOHG &DPSXV WHQVLOH EDUV DUH XVHG 7KH SDUWV DUH ILYH OD\HUV WKLFNZKHUHDV WKH
GHSRVLWHGOD\HUWKLFNQHVVLVȝP$OOEDUVDUHWHVWHGZLWKDWHQVLOHWHVWLQJPDFKLQH7KHGHWDLOHGJHRPHWU\RIWKH
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5HVXOWVDQG'LVFXVVLRQ
3.1. Hausner ratio and degree of coverage 
,QWDEOHWKHEXONDQGWDPSHGGHQVLW\DQGWKHUHVXOWLQJ+DXVQHUUDWLRRIWKHGLIIHUHQWSRZGHUPL[WXUHVDUHOLVWHG





WKH +DXVQHU UDWLR LV UHGXFHG FRPSDUHG WR WKH SXUH SRZGHU DQG WKXV WKH IORZDELOLW\ LV LQFUHDVHG WKH PLQLPDO
+DXVQHUUDWLRLVUHDFKHGDWDQDGPL[HGDPRXQWRIDHURVLORIZW$IWHUVXUSDVVLQJWKLVRSWLPXPWKH+DXVQHU
UDWLRVWDUWVWRLQFUHDVHDQGWKHIORZDELOLW\GHFUHDVHV%RWKSXUHSRZGHUVKDYHD+DXVQHUUDWLRKLJKHUWKDQDQG









3(+'ZWDHURVLO    
3(+'ZWDHURVLO    
3(+'ZWDHURVLO    
3(+'ZWDHURVLO    
33ZWDHURVLO    
33ZWDHURVLO     
33ZWDHURVLO     






























ZW DHURVLO )RU D KLJKHU DPRXQW RI DHURVLO WKH FRYHUDJH GHFUHDVHV DJDLQ 7KXV EHWZHHQ  DQG ZW
DGPL[HGDHURVLODVDWXUDWLRQWKUHVKROGLVUHDFKHG$IWHUVXUSDVVLQJWKLVWKUHVKROGWKHIRUPLQJRIDJJORPHUDWLRQVRI
DHURVLO SDUWLFOHV FDQ EH H[SHFWHG 7KLV UXQV FRXQWHU WR WKH EDVLF SULQFLSOH RI WKH IORZDELOLW\ LQFUHDVH E\ DHURVLO
SDUWLFOHVEHFDXVHWKHSDUWLFOHVVWLFNWRJHWKHULQVWHDGRIDGKHULQJWKHPVHOYHVRQWRWKHSRO\PHUSDUWLFOHVWRUHGXFHWKH





$W D OD\HU WKLFNQHVV RI P DOO SRZGHU PL[WXUHV KDYH WKH VDPH GHJUHH RI FRYHUDJH RI  )RU KLJK OD\HU





































































































33  ZW DHURVLO
33  ZW DHURVLO
33 ZWDHURVLO
33 ZWDHURVLOD E
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3.2. Porosity and mechanical part properties 
%HIRUHWKHUHVXOWVRIWKHWHQVLOHWHVWLQJDUHSUHVHQWHGWKHSRURVLW\LVGHWHUPLQHGE\FURVVVHFWLRQVRIWKHWHQVLOH
EDUV:LWK WKH SXUH 33 SRZGHU QR VXIILFLHQW SRZGHU GHSRVLWLRQ DQG WKXV QR EXLOGLQJ RI VSHFLPHQV LV SRVVLEOH
7KHUHIRUHWKHFURVVVHFWLRQVDQGPHFKDQLFDOWHVWVDUHRQO\SRVVLEOHIRUWKHGLIIHUHQWPL[WXUHVRI33ZLWKDHURVLO,Q













7KH SRURVLW\ IRU DOO SRZGHUPL[WXUHV OLHV EHWZHHQ  DQG  7KXV QR VLJQLILFDQW LQIOXHQFH RI WKH GLIIHUHQW
DPRXQWRIDGPL[HGDHURVLOFDQEHGHWHFWHG$OWKRXJKWKHFRYHUDJHIRUDPWKLFN33OD\HUYDULHVEHWZHHQ
DQG IRUGLIIHUHQW DPRXQWVRI DGPL[HGDHURVLO WKHGLIIHUHQW IORZDELOLW\ LV QRW LQIOXHQFLQJ WKHSRURVLW\RI WKH
JHQHUDWHG EDUV &RPSDUHG WR WKH SRURVLW\ RI SDUWV EXLOW RI SRO\DPLGH 3$ (26 ZKLFK KDYH W\SLFDO
SRURVLWLHVRIEHORZ:HJQHUWKHSRURVLW\LVYHU\KLJK7KHUHDVRQLVWKHSDUWLFOHVL]HGLVWULEXWLRQRIWKH
SRZGHU$FFRUGLQJWR AlscherDSRZGHUPL[WXUHRIELJJHUSDUWLFOHVZLWKDVPDOOHUDPRXQWRIILQHSDUWLFOHVUHDFKHV
KLJKHU EXON GHQVLWLHV FRPSDUHG WR D SRZGHU ZLWK D EURDG SDUWLFOH VL]H GLVWULEXWLRQ %HFDXVH WKH EXON GHQVLW\








,QVXPPDU\ WKHGHJUHHRIFRYHUDJHGRHVQRWDOORZDSUHGLFWLRQRI WKHSDUWSRURVLW\EHFDXVH WKHEXONGHQVLW\
FDQQRWEHGHWHUPLQHGE\WKHPHDVXUHPHQW/LNHVFKHPDWLFDOO\VKRZQLQILJXUHWKHUHODWLRQEHWZHHQWKHVXPPHG
XSYROXPHRIDOOSRZGHUSDUWLFOHVDQGWKHWRWDOYROXPHRIWKHGHSRVLWHGOD\HUZKLFKLVGHILQHGE\WKHFRYHUHGDUHD































33DHURVLO 33DHURVLO 33DHURVLOD E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7KH WHQVLOH VWUHQJWK DVZHOO DV WKH HORQJDWLRQ DW EUHDN DUH VKRZLQJ QR VLJQLILFDQW GLIIHUHQFH IRU WKH GLIIHUHQW
SRZGHUPL[WXUHV7KHWHQVLOHVWUHQJWKYDULHVEHWZHHQDQG1PPðDQGWKHHORQJDWLRQDWEUHDNOLHVEHWZHHQ
DQG'XHWRWKHXVHRIWKHVDPHEXLOGLQJSDUDPHWHUVWKHVDPHHQHUJ\DPRXQWLVGHSRVLWHGLQWRWKHSRZGHU





+DXVQHU UDWLRE\ WKHGHJUHHRIFRYHUDJH WKH UHODWLRQEHWZHHQ WKH IORZDELOLW\DQG WKH OD\HU WKLFNQHVVFDQEHDOVR
DQDO\]HG ,W LV VKRZQ WKDW WKH TXDOLW\ RI WKH GHSRVLWHG SRZGHU OD\HU LV VLJQLILFDQWO\ LQIOXHQFHG E\ WKH OD\HU
WKLFNQHVV ZKLFK LV QRW FRQVLGHUHG E\ WKH +DXVQHU UDWLR 7KXV WKH GHJUHH RI FRYHUDJH LV D JRRG FKDUDFWHULVWLF
QXPEHUZKLFKDOORZVFRPSDULQJWKHIORZDELOLW\RIGLIIHUHQWSRO\PHUSRZGHUVLQGHSHQGHQFHRIWKHOD\HUWKLFNQHVV
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5HIHUHQFHV













5LHW]HO ' :HUNVWRIIYHUKDOWHQ XQG 3UR]HVVDQDO\VH EHLP /DVHUVLQWHUQ YRQ .XQVWVWRIIHQ 'LVVHUWDWLRQ )ULHGULFK$OH[DQGHU8QLYHUVLWlW
(UODQJHQ1UEQHUJ/HKUVWXKOIU.XQVWVWRIIWHFKQLN
:HJQHU$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